ABSTRACT
INTRODUCTION
In addition to the active ingredients, various additives are used in the manufacture of pharmaceuticals. This group of compounds includes dyes. A colour additive is any dye, pigment, or other substance that imparts colour to food, drink or any non-food applications including pharmaceuticals. Moreover, a colour additive is also any chemical compound that reacts with another substance and causes the formation of a colour [22, 56] . The pharmaceutical industry employs various inorganic and, especially, organic dyes for this purpose. These colour additives are pigments of natural origin or synthetic chemical compounds. However, most of the dyes obtained from natural sources are unstable and can easily undergo degradation during the processing of pharmaceutical products. Therefore, dyes of synthetic origin are widely used, not only because of their stability, but also given the low cost of production when compared to natural dyes [66] .
The priority of the dye is to increase the aesthetic appearance of the pharmaceutical products. It can be said that the dyes are the cosmetics for the pharmaceutical products [2] . Dyes are added to nutritional supplements and pharmaceutical products for commercial, psychological and practical purposes. A variety of coloured tablets, capsules (hard gelatin, soft gelatin), syrups and multivitamin supplements are attracted by children precisely because of their appearance. Colouring of pharmaceuticals improves their easy identification already at the first sight. Various colours of drugs also help distinguish different strengths of the same drug, which can eliminate faults of an over dose or under dose. Synthetic dyes are organic substances that may interact with the human body. These interactions are a potential health risk, especially when they are consumed excessively [51] . There have been various studies focused on neurotoxicity [54] , genotoxicity [53] and carcinogenicity [41] of synthetic dyes. The relationship between dyes and the children´s attention deficit disorder (ADD), attention-deficit hyperactivity disorder (ADHD), immune system problems, and certain allergic reactions have also been examined. Due to the fact that the results of various researches have been ambiguous, nowadays, a great deal of attention is paid to study the effects of artificial dyes on human health.
EUROPEAN UNION LEGISLATION ON DYES
Dyes belong to one of the most important classes of pharmaceutical excipients that can affect the health of certain population groups. Therefore, the basic purpose of any laws related to drugs and substances must be the safety of public health. To ensure this task various measures are taken. They protect the health without hindering the development of the pharmaceutical industry and trade with pharmaceuticals. Practical experience so far has shown that in terms of health, there is no reason to disallow the use of foodstuff dyes also in pharmaceutical products. The toxicological effects of synthetic dyes are concentration-dependent [44] . Given their toxicity, mostly when consumed in excess, synthetic dyes are strictly governed by applicable legislation, regulations and acceptable daily intake (ADI) values for pharmaceuticals safety. The ADI values and eventual health effects on humans for the most commonly used pharmaceutical dyes are listed in Table 1 [16]. The ADI values are listed in units of mg per kg of body weight.
THE DYES MOST FREQUENTLY USED

IN PHARMACEUTICAL INDUSTRY
Every product intended for a medical purpose is an elaborate system of active substances and excipients. In recent time, by virtue of the accelerated growth of the eagerness to make commercially attractive products in the pharmaceutical industry, the human body assembles more and more synthetic molecules. In the composition of medicines to the organisms, arrive excipients such as dyes, among which synthetic dyes are prevalent nowadays. Aspects that affect colour stability include: light, oxidising and reducing agents, heat, pH, microbial contamination, and solubility limits. The synthetic dyes have important technological superiority when being compared to most natural dyes given the fact that: they give vivid colours, they are resistant to light, oxidants and reducing agents impact, to pH changes and they are also less susceptible to various types of impacts that a material is subject to during the technological process. Gastrointestinal intolerance, with abdominal pain, vomiting, and indigestion, has been associated with sunset yellow. In one case, eosinophilia and hives were present as well. Sunset Yellow may cause allergic or intolerance reactions in certain people. E110 causes side effects such as a hives, allergies, kidney tumours, chromosomal damage, hyperactivity, abdominal pain, nausea and vomiting. E110 may have an adverse effect on activity and attention in children [4, 27] .
E120, Cochineal, carminic acid, Carmines
The natural colourings used, carmine or cochineal extract, can cause allergic reactions. It has been known to cause severe allergic reactions and anaphylactic shock in some people. The hyperactive Children´s Support Group recommends that the dye be eliminated from children´s diets [6, 65] .
Azorubine has shown no evidence of mutagenic or carcinogenic properties. E122 may have an adverse effect on the activity and attention in children. It may rarely cause skin and respiratory reactions in susceptible individuals, even at the approved dose [28] .
E123, Amaranth 0.15
Because Amaranth is an azo dye, it has been proven to provoke asthma, urticaria, rhinitis, eczema and hyperactivity as well as allergic reactions, similar to nettle rash, among asthmatics and individuals who are sensitive to aspirin. Amaranth is considered very dangerous as it increases hyperactivity in affected children [29] .
E124, Ponceau 4R 0.7 May increase hyperactivity in affected children. Can adversely affect those that are sensitive to aspirin [38, 50] .
This substance has been found to have tumorigenic effects in experimental animals, as well as mutagenic effects in both experimental animals and humans. Furthermore, risks include: irritation of eyes, skin, digestive tract, and respiratory tract in its undiluted form. There is a potential risk of negative influences on the thyroid gland due to the fact that E129 has four iodine atoms [3] .
E129, Allura Red 7.0 Allura Red may cause allergic reactions (e.g. urticaria, asthma), especially when administered in mixes with other synthetic colour additives [67] .
E131, Patent Blue 5.0 Several reports of serious allergic or anaphylactic reaction to Patent Blue have been published [71] .
E132, Indigo Carmine 5.0 Indigo Carmine is harmful to the respiratory tract if swallowed. It is also an irritant to the skin and eyes [42] .
E133, Brilliant Blue 6.0 It has the capacity for inducing an allergic reaction in individuals with pre-existing moderate asthma [30] .
It is one of the colourants that the Hyperactive Children's Support Group recommends be eliminated from the diet of children. It appears to cause allergic or intolerance reactions, particularly amongst those with aspirin intolerance. It is a histamine liberator, and may worsen the symptoms of asthma [48] .
The European Union has authorised 43 dyes as food additives out of which each one was assigned an E-number.
Out of these, 17 are synthetic dyes and 26 are either naturally derived, synthesized to match the naturally occurring counterparts, or are inorganic pigments occurring freely in nature in respective amounts [24] .
As a category of the additives in the pharmaceutical industry, dyes are commonly classified as either natural or synthetic. For the most part, synthetic dyes have a higher tinctorial strength than natural dyes. Furthermore, synthetic dyes are predominantly water-soluble, relatively stable and not easily destroyed during the drug processing. These aspects, together with their advantageous price, render synthetic dyes more widely used worldwide these days. However, taking toxicological studies into account, the eventual risks of numerous synthetic azo dyes to human health have been found and are of concern. Scientists interested in this particular field of study have discovered
that Amaranth starting at a certain concentration can induce dose-related DNA damage in the mouse colon after oral administration. In addition to the genotoxicity, a part of synthetic dyes can also cause allergic or asthmatic reactions for sensitive people, as well as frequent headaches and children's hyperactivity. To prevent the abuse of synthetic dyes, the permissible type and usage of synthetic dyes are strictly regulated in many countries [51] .
There are many different classifications of pharmaceutical coloring agents. One of the most useful ways is to simply divide the colours into water-soluble (dyes) and waterinsoluble (pigments) [61] .
According to another method of separation, the phar- Table 2 . [73] .
Inorganic or mineral colours
Inorganic colours, metal oxides, hydroxides or sulphides are used in particular. These substances are characterized by their stability to light and some are opaque materials. The range of colours we can achieve with these substances is less than that of organic colourings. Today, mainly yellow and red iron oxides (E172) are used to dye medicines. Titanium dioxide (E170) is used to colour and opacify hard gelatin capsules.
Natural colours or vegetable and animal colours
Among natural dyes we include substances with different chemical structures and various physicochemical properties. They are obtained by extraction from different parts of plants, trees or animal products. Some of these colours are the products of chemical synthesis rather than extraction from a natural source, for example, β-carotene of commerce is regularly synthetic in origin. The term "synthetic in origin" frequently applied to such materials is "nature identical", which in many ways is more descriptive.
In general, natural dyes are less stable to light, heat and certain pH values than other dye groups. The ability to colour natural products is easier and more readily available than synthetic dyes. They do, however, have an advantage in that they have a wide acceptability [2] . The most commonly used colours in pharmaceutical products are from this group of colours: caramel, cochineal, riboflavin, anthocynins, annato and curcumin. In terms of possible adverse effects on humans, the cohineal is the one that gets the most attention. The study results connected these dyes to behaviour issues in children. Nonetheless, after reviewing the outcomes of the study, the European Food Standards Agency came to the conclusion that no legislative change or amendment was in fact required [61] . [38, 50] .
DETERMINATION OF DYES IN PHARMACEUTICALS
Sample preparation constitutes a very important step in order to achieve reliable pharmaceutical analysis, but in general, it is not given sufficient attention. The main pharmaceuticals that are dyed are [61] :
Tablets: either the core itself or the coating.
Hard or soft gelatine capsules: the capsule shell or coated beads.
Oral liquids.
Topical creams and ointments. When the filtration is non-effective due to the very fine particles of the tablets, centrifugation is recommended. It is a simple procedure for dosage forms that are immediately released. Additional clean-up of a sample is typically not needed which is advantageous in terms of the time of sample preparation [10] . The commercial market offers a large number of automated systems for implementation of various sample preparation actions. Those systems are usually designed in such a way to minimize the possibility of contamination or loss of sample during the preparation steps [52] . The specific procedure for processing the sample of a drug in determining dyes depends on: its form, the number of dyes to be determined, and the analytical method to be used for the determination.
Up to now, a variety of methods for separation, identification and determination of dyes have been suggested.
For the purpose of quantification of the dye content in the pharmaceutical products and food, modern analytical methods and techniques are currently used, such as follows: high performance liquid chromatography (HPLC) [39, 40, 43, 46, 47, 51, 64, 70, 74] , ion-pair liquid chromatography (IP-LC) [9, 36] , thin-layer chromatography (TLC) [5, 49, 63] , spectrometry, derivative spectrometry, and spectrophotometric methods [7, 57, 62, 68] . Electroanalytical methods also find its application in this field; mainly adsorptive voltammetry [1] and differential pulse polarography [8, 12] .
The behavior of the Carmine (E120) was studied by square-wave adsorptive stripping voltammetry (SW-AdSV)
at the hanging mercury drop electrode. It was observed that
Carmine gave a sensitive stripping voltammetric peak at The differential pulse polarography method was applied for the determination of Carmoisine (E122), Ponceau 4R
(E124) and Allura Red (E129) in soft drinks and sweets.
They can be easily distinguished from natural dyes, which are not electroactive, using differential pulse polarography.
The recovery was in the 96-105 % range and the relative standard deviation was close to 1 % for the three dyes. The limits of quantification in the polarographic cell, estimated from the polarographic data, were 42, 43 and 34 μg.dm -3 for Carmoisine, Allura red and Ponceau 4R, respectively [8] .
J a w o r s k a et al. [37] reported a comprehensive research in which the detection and separation conditions for the analysis of 15 synthetic dyes (E102, E104, E110, E120, E122, E123, E124, E127, E128, E129, E131, E132, E133, High-performance ion chromatography may be a solution to the chromatographic analysis for some water-soluble, organic analytes with strong hydrophobicity. The method has been applied to the determination of dyes in drinks and in instant drink powder [9] .
From the possibilities of determinations mentioned above, HPLC is one of the most widely used methods nowadays. Generally, HPLC provides a separation of mixtures to component substances whereas a properly chosen detector allows for their identification and for determination of their content. The basis of separation is represented by differences in the affinity of the constituents to two phases (stationary and mobile). Dyes exhibit different adsorption affinity to the stationary phase due to differences in their mass, structural space, and presence of functional groups in a molecule [45] .
The most commonly utilized mode in liquid chromatography is represented by reverse phase, where the stationary phase has moderate or no polarity and the mobile phase is strongly polar (e. g. tetrahydrofuran, acetonitrile, methanol, water, etc.) [72] . Liquid chromatography-based techniques are usually coupled with UV-VIS, mass spectrometry (MS) or photodiode array (PAD) detectors. Due to the high polarity of dyes, their elution times are very short. In such cases, the use of C18 ether columns usually increases the retention times, especially of the azo dyes group [33] .
Further ion-pair high performance liquid chromatography (IP-HPLC) can also be carried out by means of using ion-pairing (hydrophobic ionic) compounds such as ammonium acetate buffer, 1-hexadecyl trimethylammonium bromide etc., to the mobile phase to improve the separation and elution of the ionic target to be analysed [72] . The used contents of added solutions are usually above 0.1 mol.dm -3 [51] .
The most significant facts that must be taken into account exchange column that has mild hydrophobicity and acidic eluent is required for this purpose [9, 45] . Recently, it has been found that certain dyes have the ability to bind to human serum albumin. This fact has the potential of leading towards the possibility of adverse toxic impacts.
CONCLUSIONS
The problem is the fact that globally there is no uniformity in the rules relating to the use of dyes in the pharmaceutical field and also in foodstuffs. It often happens that in one country the dye is forbidden and in another it is permitted. 
